We analyzed body temperature (T b ), basal metabolic rate (BMR), wet thermal conductance (C wet ), and evaporative water loss (EWL) of marsupials by conventional and phylogenetically corrected regression. Allometric effects were substantial for BMR, C wet , and EWL but not T b . There was a strong phylogenetic signal for mass and all physiological traits. A significant phylogenetic signal remained for BMR, C wet , and EWL even after accounting for the highly significant phylogenetic signal of mass. T b , BMR, C wet , and EWL allometric residuals were correlated with some diet, distribution, and climatic variables before and after correction for phylogeny. T b residuals were higher for marsupials from arid environments (high T a and more variable rainfall). The fossorial marsupial mole had a lower-than-expected T b residual. The allometric slope for BMR was 0.72-0.75. Residuals were consistently related to distribution aridity and rainfall variability, with species from arid and variable rainfall habitats having a low BMR, presumably to conserve energy in a low-productivity environment. The nectarivorous honey possum had a higher-than-expected BMR. For C wet , the allometric slope was 0.55-0.62; residuals were related to diet, with folivores having low and insectivores high C wet residuals. The allometric slope for EWL was 0.68-0.73. EWL residuals were consistently correlated with rainfall variability, presumably facilitating maintenance of water balance during dry periods.
Introduction
A major objective of comparative physiology is elucidating factors that influence physiological variables for different species. Analyses that seek correlated evolution between physiological variables, climate, and life-history traits are likely to be especially worthwhile (Lovegrove 2003) . For mammals, ambient temperature, circadian rhythm, activity level, growth, and digestion affect basic laboratory-measured physiological variables such as body temperature (T b ), evaporative water loss (EWL), thermal conductance (C), and, in particular, metabolic rate (MR; Scholander et al. 1950a Scholander et al. , 1950b Aschoff 1981; McNab 2002) . Measurement of basal metabolic rate (BMR) and other physiological variables under standardized conditions that satisfy the experimental requirements of BMR (animals are nongrowing, quiescent, postabsorptive, and within their thermoneutral range and inactive period) ensures that the resulting data are standardized between individuals and are therefore comparable both intra-and interspecifically. We examine here various biological and environmental factors that influence the basal T b , BMR, C wet , and EWL of marsupials.
Body mass has an important allometric effect on most physiological variables. It has a significant (but small) effect on T b (Stahl 1967; Calder 1984; Withers et al. 2000) and highly significant effects on BMR (Kleiber 1932; Withers et al. 2000; White and Seymour 2003) , C wet (Bradley and Deavers 1980; Aschoff 1981; Withers et al. 2000; Schleucher and Withers 2001) , and EWL (Crawford and Lasiewski 1968; MacMillen 1985, 1986; Williams 1996) . Allometric effects are commonly accounted for by the standard procedure of log 10 -transformed least squares regression (e.g., Neter et al. 1996; Draper and Smith 1998; Zar 1999) .
Interspecific variation remains even after allometric scaling has been accounted for, and some of this could be attributed to phylogenetic history, which should be considered when inferring adaptiveness to physiological traits (e.g. , Felsenstein 1985; Elgar and Harvey 1987; Garland and Adolph 1994; Garland et al. 1999; Garland and Ives 2000) . There are a number of approaches to phylogenetic analysis of physiological data (e.g., ANCOVA, nested ANOVA, independent contrasts, phylogenetic generalized least squares regression, autocorrelation, phylogenetic vector regression, multiple regression; see Felsenstein 1985; Martins 1996; Martins and Hansen 1997; Garland et al. 1999; Garland and Ives 2000; Rohlf 2001; Rezende et al. 2004) . We analyzed marsupial physiological variables by conventional least squares regression, autocorrelation (AC), phylogenetic vector regression (PVR), independent contrasts (IC), and phylogenetic generalized least squares regression (PGLS) to look for consistency of allometric patterns in marsupial physiological variables before and after phylogenetic correction by these different approaches.
Having accounted for allometric scaling and phylogeny, remaining variability in physiological data may be explained by environmental effects (e.g., environmental temperature or aridity), geographic distribution (e.g., arid or mesic environments), or natural history parameters (e.g., diet, foraging strategy, sociality, reproductive strategy). For example, there are a number of dietary, habit, life-history, and environmental correlates with BMR for mammals (e.g., McNab 1966 McNab , 1980 McNab , 1984 McNab , 1986a McNab , 1986b McNab , 2002 Lovegrove 2000 Lovegrove , 2003 and birds (e.g., Bennett and Harvey 1987; McNab 1988; Tieleman and Williams 2000) . McNab (1986a) noted that variability in mass-corrected BMR is particularly low for marsupials (compared with placental mammals) and that residual variability is correlated primarily with diet and activity. He suggested that marsupials have a low BMR if they feed on invertebrates, leaves of woody plants, or fruit, especially if they are sedentary and arboreal. However, he did not control for phylogeny and did not support life-history, dietary, or habit correlations with robust statistical analyses.
Here we examine the influence of body mass, phylogeny, diet, distribution, and climate on standardized laboratory physiological variables (T b , BMR, C wet , and EWL) of marsupials. We use modern statistical approaches to examine and account for the effects of allometric scaling and phylogenetic history on these physiological variables and use ANOVA and regression to examine environmental correlates with mass-corrected and phylogenetically corrected residuals. It is important to note that synthetic studies such as ours, which use large data sets compiled from the literature, rely on the appropriate standardization of measurement conditions in the source studies (see Tieleman and Williams 2000; McKechnie and Wolf 2004) .
Material and Methods
Data for body mass, BMR ( species), T b ( ) ,C wet n p 61 n p 59 ( ), and EWL ( ) were obtained for marsupials n p 55 n p 24 from the published literature (Table A1 ). The majority of values for mass, BMR, T b , and C wet were obtained from Withers et al. (2000) , with additional data from subsequent studies (Dawson et al. 2000; Cooper and Withers 2002; Nespolo et al. 2002) . EWL data were obtained from the original published articles. Where there were multiple data for a species, the mean value for that species was used unless one measurement was inconsistent with the other measurements, in which case the inconsistent value was omitted. Only data for species measured under conditions that meet the criteria for BMR were included (i.e., resting, adult animals, in thermoneutrality during their inactive phase). All physiological data except T b were expressed in absolute rather than mass-specific units (e.g., mL O 2 h Ϫ1 rather than mL O 2 g Ϫ1 h Ϫ1 for BMR) and along with body mass were log 10 -transformed.
Phylogenetic analyses were accomplished using a phylogenetic tree (Fig. 1 ) based on Kirsch et al. (1997) , with additional data from Kirsch (1977) , Edwards and Westerman (1995) , Kirsch and Palma (1995) , and Krajewski et al. (2000) ; the marsupial-placental divergence date (not included in Fig. 1 ) was 104 MYBP. We also considered alternative trees based on Asher et al. (2004) and Nilsson et al. (2004) because they had quite different basal branching patterns. However, these alternative trees had weaker phylogenetic signals ( ) and so were * k not used for phylogenetic correction (see "Results").
We used the randomization test for a phylogenetic signal to examine the resemblance among species for an individual trait (e.g., body mass) by randomly reallocating sets of trait values to tips of the tree 1,000 times (Blomberg et al. 2003) . We also used the phylogenetic signal statistic to determine the * k phylogenetic strength of a single trait, modified from the PHYSIG.DOC Matlab module (Blomberg et al. 2003) , where was calculated assuming a star phylogeny, and mean * MSE square error ( sum of squares divided by its MSE p residual degrees of freedom) and expected were calculated * MSE /MSE using data transformed according to the phylogeny in Figure  1 .
Conventional and phylogenetic regression procedures used mass as the X variable (log 10 -transformed) and a Y trait that was also log 10 -transformed (except T b ); that is, , and Y p a ϩ bX the common statistics used to judge significance were the standard errors of the intercept (a) and slope (b), the regression coefficient , the ANOVA F and P values, and the MSE. The 2 r mathematical procedures for conventional regression analysis are presented in many standard textbooks (e.g., Neter et al. 1996; Draper and Smith 1998; Zar 1999) .
Phylogenetic correction by AC was used to analyze a single trait (X or Y) by maximizing the correlation between that trait and the trait premultiplied by a constant r and a matrix representing the phylogenetic structure (W), with the residuals () being the phylogenetically independent component of X or Y; for example, (Cheverud and Dow 1985) . The Y p rWY ϩ phylogenetic matrix W was the reciprocal of phylogenetic distances between species pairs (from Fig. 1) ; the diagonal (i.e., "similarities" for any species compared with itself, w ii ) was set to 1. The value of r was calculated by an iterative procedure, using the maximum-likelihood function; it was constrained to the range 1/l Ϫmin to 1/l ϩmin , where l Ϫmin and l ϩmin were the negative and positive eigenvalues for W closest to 0 (Cheverud and Dow 1985; Rohlf 2001) . We regressed the Y-trait residuals against the mass residuals to obtain the phylogenetically corrected allometric relationship. The phylogenetic and masscorrected residuals from this regression were analyzed for diet and climate correlates by regression (climate variables) and ANOVA (diet and distribution). Kirsch et al. (1997) ; also Kirsch (1977) , Edwards and Westerman (1995) , Kirsch and Palma (1995) , and Krajewski et al. (2000) .
For PVR, the phylogenetic matrix was summarized using eigenvalues and eigenvectors; then the X or Y trait was multipleregressed against the significant eigenvectors ( Diniz-Filho et al. 1998) . The phylogenetic matrix consisted of distances between species pairs (D ij ; from Fig. 1 ) transformed to . The 2 Ϫ0.5D ij matrix was double-centered (rows and columns transformed to a mean of 0) before eigenvectors and eigenvalues were calculated. The most significant eigenvectors were selected using a scree plot and weighted by the square root of the corresponding eigenvalues for multiple regression against the X or Y trait. The residuals from this multiple regression were interpreted as the phylogenetically corrected trait values. We regressed Y-trait residuals against the mass residuals to obtain the phylogenetically corrected allometric relationship. The phylogenetic and mass-corrected residuals from this regression for the Y trait were analyzed for diet and climate correlates.
IC was used to analyze X and Y traits separately, and then the Y-trait standardized contrasts were regressed against the Xtrait (mass) contrasts (Felsenstein 1985; Garland et al. 1999) . Calculations for IC were based on Garland and Ives (2000) . Trait values for internal nodes of the phylogenetic tree (ancestral species) were estimated as the weighted average of the two daughter species (weights proportional to the inverse of branch lengths from node to daughters). ICs were then calculated as differences between sister taxa and standardized by branch lengths from node to daughter species. The regression of Ytrait standardized contrasts with positivized mass-standardized contrasts was calculated by linear regression forced through the origin. Predicted Y-trait tip values and, hence, residuals were calculated from the IC regression slope (b 1 ), the X trait (X t ), and the basal node values (X z and
PGLS was used to analyze simultaneously an X and a Y trait by weighted regression (Draper and Smith 1998; Rohlf 2001) . The weighting matrix was the variance-covariance matrix derived for phylogenetic distances from Figure 1 (see Rohlf 2001) . PGLS was computed using the Cholesky decomposition matrix (P) of the phylogenetic weighting matrix ( ) and the
were analyzed by conventional regression through the origin ( ). PGLS
Ϫ1 Ϫ1 Ϫ1
P Y p P bX ϩ P Y-trait residuals were "untransformed" by premultiplication with P to obtain (i.e., residuals fitted to the original X and Y scales). IC is a submodel of PGLS, and therefore the two approaches produce essentially identical results (Garland and Ives 2000; Rohlf 2001 ). We conducted both IC and PGLS analyses to verify that they were the same for our marsupial data, and because the analyses were essentially identical, we present the results for PGLS.
Results of the three phylogenetic methods are presented and compared to look for consistency in the outcomes because consistency between methods increases confidence in the conclusions. The statistical significance of allometry was determined from r 2 and ANOVA statistics (i.e., F-test, P). The sig-nificance of phylogenetic correction on the allometric relationships for T b , BMR, C wet , and EWL was determined using an F-test comparing the MSE for the conventional allometric regression with the MSE for the phylogenetically corrected regression. The MSEs for conventional and phylogenetically corrected regressions were first corrected to a common scale by dividing the MSE by the total sum of squares (SS total ); this is equivalent to transforming the X and Y data so that their SS total was 1. The corrected MSEs were then compared using a variance test with the F statistic; that is,
total phylogenetically corrected where df 1 and df 2 are the degrees of freedom for the conventional and phylogenetically corrected regressions, respectively.
(MSE/SS total ) conventional is expected to be greater than (MSE/ SS total ) phylogenetically corrected if there is a significant phylogenetic effect on the regression analysis, so (MSE/SS total ) conventional is in the numerator (and is expected). F 1 1 Custom-written Visual Basic (version 6) programs were used for AC, IC, PGLS, the randomization test for phylogenetic signal, and ; all other calculations were done in Microsoft Excel * k and statistical analyses used StatistiXL (version 1.4).
Species were identified as regression outliers if their externally Studentized residual differed from 0 by more than the all-cases critical value for Studentized residuals in uncorrected and AC regressions and PVR ( ; see StatistiXL [version 1.4]), a p 0.05 and in PGLS using Grubbs's outlier test (Grubbs 1969; Stefansky 1972) . Residuals were analyzed by ANOVA for influences of diet and distribution. For diet analyses, species were assigned to one of seven categories: folivore, herbivore, insectivore, vertebrativore, nectarivore, fungivore, or omnivore (Table B1) . Two geographic distribution analyses were undertaken. First, species were classified as arid (90% of their geographic range had !250 mm annual rainfall) or semiarid/mesic (90% of their range had 1250 mm annual rainfall). Second, the 500-mm isohyet (rather than the 250-mm isohyet) was used as the cutoff for classification as arid/semiarid or mesic. Data on diet and distribution were taken from Strahan (1991) and Walker (1975) . Climate data (rainfall, temperature, altitude [Alt] and latitude [Lat] ; Table B1 ) were downloaded from the National Climate Data Center (Asheville, NC) for the weather station closest to the reported source of each species (see Lovegrove 2003) . If source information was unavailable and a reasonable estimate could not be made based on the species' distribution, then the species was excluded from this part of the study. Mean annual rainfall (MAR) was determined from the summed monthly rainfall data for all years of complete rainfall records. Rainfall variability (RV) was calculated as the coefficient of variation for MAR (SD/mean of the monthly averages). Mean temperature of the coldest month of the year (T cold ), mean temperature of the warmest month of the year (T hot ), and the mean yearly temperature (T a ) were all calculated from the mean monthly temperatures. Years with incomplete weather data were excluded. We examined the influence of climatic variables on the allometrically corrected residuals for each of the physiological variables (both before and after correction for phylogeny), using forward stepwise regression to account for possible multicollinearity of climatic variables.
Results
A strong phylogenetic signal was apparent for all of the physiological variables ( ) by the randomization test. The P ! 0.001 phylogenetic signal, assuming Brownian motion evolution, was less than expected (i.e., ) for T b ( ) ,C wet (0.81), * * k ! 1 k p 0.36 and EWL (0.67) and greater than expected (i.e., 11) for mass (1.16) and BMR (1.08). There was no significant phylogenetic signal for T b mass-corrected residuals ( ; ), * k p 0.31 P p 0.060 but there was for BMR ( ;
), and EWL ( ; ) mass- * 0.29 P p 0.049 k p 0.41 P p 0.008 corrected residuals. There was a poorer phylogenetic signal for both mass and BMR using the alternative phylogenies based on Asher et al. (2004) and Nilsson et al. (2004) 
Body Temperature
There was a significant positive relationship between mass and T b (Fig. 2) ; ( The correlation of diet with residuals of the PGLS allometric relationship for marsupial T b was significant ( , F p 2.4 6, 52 ; Table 1 ), but that with conventional, AC, or PVR P p 0.041 residuals was not. There was a significant relationship of T b residuals with species distribution for AC and PVR, with arid zones categorized as having !250 mm annual rainfall (and also !500 mm for PVR). Arid zone species had lower T b residuals than non-arid zone species.
Conventional T b residuals and those after AC, PVR, and PGLS phylogenetic correction had a weak but significant negative relationship with climatic variables by forward stepwise regression (Table 1) . T cold was the significant climatic factor for conventional and PGLS regression, T hot was the significant factor for AC, and RV was the significant variable for PVR.
Basal Metabolic Rate
The conventional regression relationship for BMR of marsupials (Fig. 3) ). Therefore, all subsequent discussion of BMR data will 0.226 refer to non-T b -corrected data.
For AC-corrected BMR, there was a highly significant relationship between mass and BMR ( ; ) did not significantly alter the slope of the allometric 0.366 equation for BMR, and the slope of 0.75 for PGLS fell within the 95% confidence limits for the uncorrected allometric slope. outlier in all regressions, with a higher-than-predicted BMR. Arid species (!250 mm annual rainfall) had significantly lower conventional BMR residuals than mesic species (Table  2) , but there was no relationship with diet. There was also a significant distribution effect after PGLS, with arid species (!250 mm annual rainfall) having lower residuals than mesic species. However, there was no significant effect of diet or distribution on BMR residuals after correction for phylogeny by AC, PVR, or PGLS. There was a weak but consistent significant negative relationship between residuals (both corrected and uncorrected for phylogeny) with RV by forward stepwise regression (Table 2) .
Wet Thermal Conductance
The conventional regression for C wet of marsupials was ( ; . The allometric effect was also highly significant 0. were no outliers for conventional, PVR, or PGLS regressions, but the euro (Macropus robustus) was an outlier after AC, with a higher-than-expected C wet .
There was a significant effect of diet for C wet residuals, both before ( , ) and after correction for phy-F p 3.68 P p 0.004 6, 48 logeny by AC ( , ), PVR ( , F p 3.43 P p 0.007 F p 3.14 6, 48 6, 48
), and PGLS ( , ; Table 3 ). Foli-P p 0.011 F p 5.43 P ! 0.001 6, 48 vores had lower C wet residuals than insectivores by all regression methods. Vertebrativores had lower C wet residuals than insectivores (conventional, PVR, and PGLS), omnivores had lower C wet residuals than insectivores (AC, PGLS), and vertebrativores and folivores had lower C wet residuals than omnivores (PGLS). There was a significant association of distribution with C wet residuals after correction by AC ( , ), with F p 7.1 P p 0.010 1, 53 arid species (!250 mm annual rainfall) having higher C wet residuals than mesic species (1250 mm). C wet residuals were not significantly correlated with climate variables either before or after correction for phylogeny.
Evaporative Water Loss
The regression for log-transformed mass and EWL of marsupials (Fig. 5) liers after correction by PVR or PGLS, but the Tasmanian devil (Sarcophilus harrisii) was an outlier for conventional and AC regressions, with a higher-than-predicted EWL. There was no significant effect of either diet or distribution on EWL residuals for marsupials before or after phylogenetic correction. EWL residuals were, however, negatively correlated with one climatic variable, RV, for all regression methods (Table  4) .
Discussion
Many comparative physiological studies seek correlates between physiological parameters and mass, phylogeny, diet, habitat, or climate. For example, the classical study of Lasiewski and Dawson (1967) recognized a phylogenetically based distinction between BMRs of passerine and nonpasserine birds, while Bennett and Harvey (1987) and McNab (1988) correlated a number of diet and habitat traits with avian BMR variability. For mammals, Hayssen and Lacy (1985) identified taxonomic differences in BMR among mammalian orders, and Elgar and Harvey (1987) described the influence of phylogeny, diet, and habitat on BMR. McNab (1966 McNab ( , 1980 McNab ( , 1984 McNab ( , 1986a McNab ( , 1986b and have suggested that a variety of traits (in particular diet, activity, and reproduction) affect mammalian energetics, while recent studies by Lovegrove (2000 Lovegrove ( , 2003 have described zoogeographic and climatic patterns in mammalian BMR. However, in a smaller taxonomic clade-rodents- Rezende et al. (2004) found no significant dietary or climatic correlations with BMR after mass and phylogenetic correction (see their  Table 5 ). Here, we have focused on another clade of mammals, the marsupials, and found strong allometric patterns in BMR, C wet , and EWL; a strong phylogenetic pattern in body mass; mass-independent phylogenetic patterns in BMR, C wet , and EWL; and some correlates of T b , BMR, C wet , and EWL allometric residuals with diet and climate.
Allometry
The allometric exponents of 0.72-0.75 for BMR ( ), 2 r 1 0.97 0.55-0.62 for C wet ( ), and 0.68-0.73 for EWL ( 2 2 r 1 0.89 r 1 ) and the weak allometric relationship for T b that we report 0.95 for marsupials are consistent with expectations (Withers et al. 2000 ; but see Morrison and Ryser 1952; Calder 1984, calculated from Dawson and Hulbert 1970; Schmidt-Nielsen 1984; Lovegrove 2003) . Phylogenetic correction did not significantly change any of these allometric slopes. A strong allometry has been recognized for BMR of mammals and birds since the pioneering scaling studies of Brody and Proctor (1932) and Kleiber (1932) , as well as for other physiological parameters such as C wet (Bradley and Deavers 1980; Aschoff 1981; (Crawford and Lasiewski 1968; MacMillen 1985, 1986; Williams 1996) . However, the explanation for allometric exponents remains controversial (see McNab 2002; White and Seymour 2003) .
Phylogeny
The strong phylogenetic signal for mass and all of the physiological variables examined here for marsupials (i.e., random simulation ) is expected. A comprehensive review of P ! 0.05 phylogenetic signal for mass, physiological traits, and other traits indicated a significant phylogenetic signal in a wide range of animals for 85% of 27 mass and mass-related traits, 75% of 12 physiological traits, and 69% of 52 other traits (Blomberg et al. 2003) . The phylogenetic signal was generally less than expected ( ) from Brownian motion evolution (67% for * k ! 1 mass and mass-related traits, 67% for physiological traits, and 83% for other traits; Blomberg et al. 2003) . This was also the case for marsupial T b , C wet , and EWL (i.e., ) but not mass * k ! 1 and BMR (i.e., ). Only one climatic variable (MAR) had * k 1 1 a significant phylogenetic signal. This is in contrast to the strong phylogenetic patterns for diet and environmental variables (e.g., latitude, temperature, rainfall) for rodents (Rezende et al. 2004) .
It is instructive to examine the residuals of the highly significant allometric relationships for BMR, C wet , and EWL for a phylogenetic signal because mass is a large component of the variability in these traits (see "Allometry"), and its strong phylogenetic signal is therefore a large part of the signal for these traits. A significant phylogenetic signal remained after accounting for mass, indicating mass-independent phylogenetic inertia in these three traits. Despite the phylogenetic signal in individual traits, none of the phylogenetic methods used here (AC, PVR, PGLS) significantly reduced the variability of the allometric relationships for T b , BMR, C wet , or EWL compared with conventional regression. This suggests that the phylogenetic pattern is consistent for mass and physiological traits in marsupials.
Allometric and Phylogenetic Corrected Residuals
Having accounted for the majority of the variability in physiological parameters (other than T b ) by body mass and phylogeny for marsupials, we examined the remaining variance for Table B1. relationships with diet, geographic distribution, and climatic variables. Both ANOVA analysis and climate regressions indicate that marsupials from arid environments (higher ambient temperatures and lower and more variable rainfall) have lower body temperatures than those from mesic environments (cooler ambient temperatures and higher and more predictable rainfall; Table 1 ). Early studies suggested no pattern in T b for mammals from cold and warm environments (Scholander et al. 1950a; Krog 1954), but McNab (1970) suggested that mammalian T b shows some adaptive variation with diet, habitat, and climate after BMR, C wet , and mass are accounted for. Lovegrove (2003) also found that T b of small mammals varied between geographic zones and increased with latitude (as we also observed for marsupials because T cold and T hot are correlated with latitude). Presumably, a low T b results in significant energy and water savings in arid environments with low primary productivity and uncertain water availability. The marsupial mole was the only significant outlier, and its low T b is presumably related to its highly specialized fossorial habit (Withers et al. 2000) .
Marsupials appear to be metabolically conservative. After the effects of mass and phylogeny are removed, less than 4% of BMR variation remains to be correlated with diet, distribution, or environmental parameters and to identify outlier species. The only significant effect by ANOVA was for distribution, with arid zone species (!250 mm MAR) having a lower BMR than semiarid/mesic species (Table 2) . This is the expected pattern reported for various mammal and bird species (e.g., Hart 1971; Bradley and Yousef 1972; Tieleman and Williams 2000; Schleucher and Withers 2002) . A different pattern is noted below, using regression of climatic variables, where RV (not MAR) is best correlated with BMR residuals by all regression types.
Regression analysis of climate was more powerful and consistent than ANOVA for detecting environmental correlates of BMR, resulting in a consistent and strong relationship between BMR residuals and RV (Table 2 ). This is probably because quantitative values rather than categorical groups are used for environmental variables. Climate regression analysis also accounts for intraspecific variation because climate data were actual measurements for the capture location of the individual study animals rather than an estimate based on the total distribution of the species (as in our ANOVA analysis). For rodents, there were no climatic correlations for BMR after accounting for mass and phylogeny (two-tailed ; Rezende P 1 0. 05 et al. 2004 ). Lovegrove (2003) found no relationship with BMR and RV for Australian mammals, but he pooled marsupial and placental mammals (which will increase the variation in the data because of the well-documented differences in BMR between the two groups), and we included South American marsupials in our study. However, for small mammals in general, he found that BMR was positively related to mean annual temperature and negatively related to ambient temperature and RV (and hence unpredictable resource availability). Our consistent pattern of low BMR for marsupials in high-RV areas is presumably related to reduced energy requirements in areas with low and unpredictable primary productivity (see Lovegrove 2000) . Interestingly, none of the BMR residuals either before or after phylogenetic correction showed any correlation with diet when analyzed by ANOVA. This is in contrast to McNab's (1986a) conclusion that diet (along with body mass and activity) is a principal factor influencing BMR in marsupials. He suggested that an absence of hypermetabolic marsupials obscures any adaptation to low-energy niches (either diet or distribution). It is unclear why marsupial species that occupy niches that for eutherian mammals correspond to a high BMR (e.g., mesic habitats, vertebrate or herbivorous diets) do not have correspondingly high BMRs. However, the honey possum had a consistently higher-than-predicted BMR both before and after phylogenetic correction, which is presumably related to its mostly nectarivorous diet. Small nectarivorous birds also have high BMRs (McNab 1988) .
For C wet , ANOVA indicated significant differences between specific dietary categories (Table 3) . Folivores consistently had low C wet residuals, presumably because they are exposed to the elements in treetops while feeding and a low conductance is thermally advantageous. High C wet residuals were associated with insectivory, even after allometric correction for the generally small body mass of insectivores. Insectivorous marsupials (daysurids and pygmy possums) generally use torpor to reduce energy expenditure (Geiser 1994 (Geiser , 2003 , and a high C wet would facilitate rapid heat loss and entry into torpor. C wet was generally not influenced by rainfall, distribution, or climate for marsu-pials. This was surprising because thermal conductance is generally related to habitat in placental mammals (e.g., Scholander et al. 1950a Scholander et al. , 1950b Lovegrove and Heldmaier 1994) although for birds the influence of environmental variables on conductance is uncertain (see McNab 2000; Schleucher and Withers 2001) .
EWL residuals were unrelated to distribution or diet (Table  4) . This is surprising because we expected that EWL would be a more plastic physiological variable than T b , BMR, or C wet and would respond more adaptively to environmental variability, particularly aridity. However, there was a strong and very consistent negative regression relationship between EWL and RV. Again, our regression analysis seems more powerful and consistent than ANOVA for detecting environmental correlates, presumably because climate data were for the capture location of the individual study animals and were quantitative rather than categorical. Arid zone mammals and birds previously have been shown to have a lower EWL than other species (Hinds and MacMillen 1985; MacMillen and Hinds 1998; Tieleman and Williams 1999 , 2000 . A low EWL in areas with variable and unpredictable rainfall is presumably advantageous for maintaining water balance during dry periods.
We conclude that extant marsupials are a physiologically conservative group, with few species outliers before or after phylogenetic correction, probably reflecting their lesser adaptational variability compared with placental mammals and birds. Allometric effects predominate over phylogenetic effects for those physiological variables that we have investigated. Having accounted for allometric and phylogenetic effects, there remained some correlates for T b , BMR, C wet , and EWL with diet, aridity of distribution, and/or climatic variables. The four different phylogenetic methods (AC, PVR, IC, PGLS) yielded similar results with respect to the major patterns that we observed for marsupial physiological traits (BMR and EWL residuals related to RV; C wet residuals related to diet). This consistency gives us considerable confidence in our results. * k Appendix A 
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